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PREFACE 




The contributions of the National Aeronautics 
and Space Administration to the advancement of 
the level of the technology base of the United States 
are far broader, more complex and more indirect 
than generally realized, Moreover, the number of 
NASA contributions that find direct nonaerospace 
contribution, appear to represent only a small frac- 
tion of the large number of contributions by NASA 
scientists and engineers that have advanced the 
state of technology in numerous other scientific 
fields. 


This contribution has been made possible, in 
part, by the activities of NASA’s Technology 
Transfer Program, which provides a link between 
the developers of aerospace technology and those 
in either the public or private sector who might be 
able to employ the technology productively. Main- 
taining and strengthenirig this link is, in part, the 
responsibility of NASA-iponsored applications 
teams who work actively in specific areas of public 
concern, helping to match problem and solution 
and following through to ensure the most effective 
utilization of the transferred technology. 

One such team resides at SRI International, 


Menlo Park, California. The SRI Technology Appli- 
cations Team is primarily concerned with prob- 
lems facing the transportation industry, although 
its activities encompass aspects of energy, housing 
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and public safety concerns as well. Members of the 
SRI Team routinely work with a user community 
including representatives of the railroad and rapid 
transit industry, state highway departments, port 
authorities, correctional officials and representa- 
tive federal agencies such as the U.S. Department 
of Transportation, and the National Institute of 
Corrections, to name a few. In addition. Team 
members maintain active contact with NASA’s 
scientific community at all NASA centers through- 
out the United States and continually strive to 
bridge the gap between the key technological needs 
of the user and the available technology or exper- 
tise at NASA. 

This report highlights key transfers and ac- 
complishments of the SRI Team over recent years. 
In it, we have tried to illustrate key team transfers 
as they relate to major NASA missions. It is by no 
means all inclusive, but is merely intended to main- 
tain user awareness of the vast NASA storehouse 
of knowledge available for utilization. NASA and 
the SRI Team welcome any follow-up requests for 
more detailed information and will be pleased to 
pass your request on to the most appropriate 
NASA scientist or facility. 


I 

Dr. Tom Anyos, Diroclor 
Technology Applications Team 
SRI International 
Menlo Park, California 



INTRODUCTION 


This past year has been an especially active 
one for the SRI Technology Applications Team. 
During the year the team has: successfully encour- 
aged further applications of NASA's zinc-rich 
corrosion-control coating; applied NASA bimodal/ 
multimodal filler loading technology to the solu- 
tion of a rapid-transit industry problem and the 
subsequent commercialization of a new wire and 
cable formulation: brought the novel MODCAN 
crash barrier to the commercialization stage, hav- 
ing identified a potential manufacturer and a state 
willing to cooperate in the demonstration of the 
technology; introduced the rapid transit industry 
to a new, effective, commercially competitive fire- 
resistant foam developed under NASA sponsor- 
ship; and has worked closely with corrections offi- 
cials to initiate an increasingly successful program 
designed to transfer NASA technology for the 
solution of many of the technological problems fac- 
ing correctional institutions in the U.S. today. 

In addition to these activities, SRI Team 
members have vigorously pursued the transfer of 
an even wider variety of NASA technologies. 
Working through the RTOP (Research and Tech- 
nology Objectives and Plans — an internal pro- 


posal mechanism to obtain program funding for 
projects of national interest and need] route, this 
coming year the SRI team hopes to work with engi- 
neers and scientists at all NASA centers, develop- 
ing technologies; for new simulation programs for 
training heavy machinery operators and law en- 
forcement officers; for the use of grey water in 
correctional institutions for conservation of natu- 
ral resources and cost savings; which facilitate the 
release of frozen coal from railroad hopper cars and 
barges: that assist in aircraft navigation; for weigh- 
ing trucks while they are in motion; for protecting 
bridge decks from corrosion; developing technolo- 
gies: leading to the use of remotely piloted vehicles 
(RPVs] for surveillance and law enforcement. 

We continue to believe that the team approach 
is truly one of the most effective techniques avail- 
able for the transfer of federally-funded technolo- 
gies for the solution of public sector needs, and look 
forward to an ongoing and continued successful 
relationship with the NASA Technology Transfer 
Program. 

Many of the SRI Team’s key transfer efforts 
are illustrated on the following pages. 
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CLEAN AIR FOR TOLLBOOTH OPERATORS 


l oll collcrtors on hridyrs iind turnpikos may 
l)i‘ siihjrctcd to atmoKphoric pollidion irom 
•■xliausi liimos. 'I'hi'so lunu's an* »*sp»*(;ially slron>< 
in I hi* \ iidnity <d tolllxiolhs as \ «*hicl»*s ar»* d«*c«*l»*r- 
atiny; through the booth and ipiickly acceli rating 
axain afti>i' tin* toll is paid. 

K(>coxni/in>{ this potctiiially hazardous situa- 
tion. the licpartmcnt of 'I'ransportation in the Statr* 
of VVashinKto*^ decided to include air purification 
ecpiipment in its tollhooth designs. 'I'he problem of 
identifyiiiK and selecting the proper air purifica- 
tion erpiipment or desiKn was undertaken by the 
SRI Team at the request of Washington DOT 
officials. 


A sean:h of the data base identified thiee 
NASA documents on clean room technolo^y. From 
one of these documents (SP-.'>()4r), “('ontamination 
Control Principles"), WashinKton en>{ineers found 
NASA air diffusion technology and lam lar air 
flow designs which they subseipiently incorpo- 
rated into tollbooths on the Evergreen Point Hridy{e 
near Seattle. 'I’he incorporation of this NASA tech- 
noloj^y effectively purifd*d the air within the toll- 
booth am' significantly reduced a potential health 
hazard without causing drafty or turbulent condi- 
tions within the booth. 'I’he desi>{n has been made 
available to all interested highway departments in 
the United States. 
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HIGHWAY/RAILWAY PROFILE 
MEASUREMENT 


Road pi'ufiling, or llio sludy and measuromonl 
of surfaop slrass and \v«ar, has boon of prcal inlar- 
pst to highway and railway engineers for several 
years. Early idenlifloalion of potential and aotual 
instances of road deterioration cun save consider- 
able money, lime, and energy. 

The first altempl.s at road profiling involved a 
test vehicle with an independently suspended fifth 
wheel. This method was limited in sensitivity, 
accuracy, and dimension, primarily because of its 
reliance upon a mechanical link between the wheel 
and the recorder. 

A later method of road profiling involved the 
use of a single-axis inertial reference, such ns a 
vertical gyro or accelerometer in conjunction with 
other sensors. Although this method provides vehi- 
cle roll information, it lacks the dimensional con- 
tingents of pilch and yaw, 

A vastly improved method of road profile 


measurement in three dimensions has been devel- 
oped by NASA space program research on gyro 
stnbilizeil guidance and control systems. This meth- 
od uses an inertial platform which consists of a 
double-gimbal-mounted plate. The plate is rota- 
tionally stabilized by means of three independent 
gyroscopes whose axes are aligned along an orthog- 
onal coordinate system. In addition, three ucceler- 
ometers, also mounted on the stabilized plate and 
orthogonally oriented, provide inerdal reference 
signals to a data acquisition system. The entire 
platform is then isolated from the lost vehicle's 
suspension system. 

The Southwest Research Institute in San 
Antonio, Texas, successfully used a prototype of 
the NASA platform in a tost program directed 
toward the identification of roadway conditions 
which lead to hydroplaning. A report by South- 
west Research Institute will be released in 1900. 



A SYSTEMS ASSURANCE PROGRAM FOR 
THE RAPID TRANSIT INDUSTRY 


The growing need for urban publio trnnsporla- 
llon in the U.S. has promplod significant expansion 
and Gonstriiclion of mass transit syste ms in several 
parla of the country, This activity ha;^ resulted in 
the introduction and installation of man> advanced 
and new lechnologios to already complex transit 
systems. The addition of these technologies, how- 
ever, can lead to increased maintenance require- 
ments, unexpected failures, and less system avail- 
ability. To overcome these problems, systems assur- 
ance {o,g„ quality assurance, reliability, maintain- 
ability, system safety and security, and system 
life-cycle cost) must be designed and integrated 
into the overall transit system. 

Mucr today's systems assurance technol- 
ogy war i,‘3>;s* ived and developed by the aerospace 


industry, NAS.Vs expertise in the application and 
integration of systems assurance in such complex 
programs as Apollo, became an invaluable tool for 
the transit industry to find and transfer space 
management technology. 

The design and construction of the Metropoli- 
tan Dade County Rapid Transit System became the 
target for the technology transfer of NASA's Pro- 
gram Control System. This transfer is being accom- 
plished by the interaction of NASA with the Urban 
Mass Transportation Administration, Dade Coun- 
ty, and SRI. A separate document entittovt, ‘The 
Transfer of NASA Technology with Transit Sys- 
tem Development, A Case Study in Metropolitan 
Dade County, Florida" which details this technol- 
ogy transfer, will be available in early 1980. 
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GUSPF^;:)ION IDEALIZATION 


LOCOMOTIVE DYNAMICS 


PRIMARY SUSPENSION 


SECONDARY SUSPENSION 



RIGID FRAME 


RIGID 

WHEELSET MOTOR 


TRACTIVE EFFORT 
LOAD PATH 



TRACK/TRAIN DYNAMICS AND 
LOCOMOTIVE DYNAMICS 


Tlu’ Associiilion of Ainri'iciin Kiiilniiuls ( AAK) 
ri*v:i‘ntly •iiiministm'd a Niilitiiiiil Krsi'iirch Pro- 
ji{r)ii;i lo (ii'vclop (lalii an;! to drlint* options lor 
contndlinvi thn dynaoiir' aspects of train opi>ra- 
tions. This proKiain ltd to Kt>ni'rally improved 
oprratin^ procrdnrns and (‘(piipnirnt d(‘Ni^n. 

Thn SKI Tiain Inarni'd of thn Tra»;k Train 
Dynamics Program dining Ih* normal course of its 
activities with the AAK and the railroad industry. 
SKI informed the AAK and the Ked«*ral Kailroad 
Administratie’] |KKA| <d the valuable contrihntion 
NASA c(»iild make to tin .r proKram. w ith regard t«) 
data acipiisition and analysis, instrument devel- 
opment. and d' namic modeling. Snhseipiently, an 
interagency a>{reement was signed he twi*en NAS. A 
and the KKA for the servict s of Marshall S| ace 
Khalit Cent«*r (MSKCj in su|)port of specific tasks 
of the overall program. 

The ol)|ec,tive of the N.ASA KKA project was 
to define an experimentally verified mathematical 


mmhd id tin* dynamic [iroperties of an HI)-ton open 
hopper freight car and its ride control trucks, lor 
use in dynamic analysis of curvinx and hunting in 
response lo track irrei(ularilies ihrouKh the inter- 
action mechanisms existin>{ between car, truck, 
and lrac:k. A corollary idijective was to establish 
the techniipies that may he used in future lest 
efforts to eviduate additional confixurations. 

In addition, under a sepai.itely funded pro- 
Xran, analytical models have been developed w Inch 
can now predict locomotive behavior for various 
conditions such as entry and exit out of a curve. 
Kurthermore, this proxram has produced hixh 
fidelity test-verified models that can help toclarily 
the derailment problem. 

The outcome of com|)lex analytical eflorls, 
truck ' haracteri/ation tests and road tests have 
been most promisinx, and have been transferri‘d 
lor the benefit of the railroad industry. 
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NONDESTRUCTIVE 
BRIDGE INSPECTION 


Thi* Kov«*rnm«*nl ri‘(|uir«*s that Ihe more than 
r).)(),()00 liridxeH on U.S. highways he inspected 
semiannually for structural integrity. Inspection 
techni(|ues in current use are >{enerally slow and 
( umhersome with some even impodin^ traffic flow. 

A new inspection techniipie, developed at 
AK(^ can monitor the raPtlom vibration signature 
of a structure by usin^ accelerometers as sensors 
that feed into a correlation i;omputer. 'I'his tech- 
ni(jue has been testeci under a '«)int NASA FHWA 
project in the laboratory as well as on several San 
Francisco Hay Area bridges. I’he technique named 
“RANnOMDFX!’’ detectetl cracks as small as I 4 
inch. Allowances must, however, be made for 
deviations in structural members. 

Responsibility for further effort has been 
assumed by private imiustry. The SRI Team con- 
siders the technology transferred. 
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FROZEN HOPPER CAR 
RELEASE SYSTEM 


Coal mul iron ora rrtHiy;o in railroad opim-lop 
hopper oars during lha vvinU'r in tha North. 'I'o 
unload lha.sa onr.s, liina-oonauming, costly, and 
oftan oar-tlnmaging procassas nra usad. Most north- 
arn railroads ami users of coal and iron ora naad a 
product or process to pravant coal and iron ora 
from fraar.ing in opan-top railroad hoppar cars or to 
fraa frozan carloads inaxpansivaly for unloailing. 

In rasponsa to this naad, tha NASA 'rachnol- 
ogy Applications 'ra.am id BRl Inttirnalional soli- 
citad innovaliva concapls from NASA sciantists 
and anginaars by tlistrilnUing a NASA'l’achnology 
lllili/.ution Opportunity fi.a., problem staliunant) 
to lha tan NyVSA field cumlars. A pyrmpropulsinn 
support anginaar, Melvin U. l.v.cy, at hunglay 
Kasaarch Canter [l.HC] raspondad to tha problem 
stalaniant with his concept of using a controlled 
gas detonation to create an instantaneous locali’/ad 
shock to break up the frozen coal or iron ore. 

In Mr. Lucy's approach, a probe would intro- 
duce a explosive mixture of two gases into a rela- 


tively small and confined volume of the. porous 
bulk malarial. The. gases would ha mixed at lha 
lance lip, where lha mixture would readily enter 
tha aggragala. Tha mixture could then be de.tonalad 
with an electric spark, creating an instantaneous, 
localized shock to break up lha material in and 
around the gas introduction zona. 

This sysnnn couul be imckagail us a portable 
unit for imlividual cars or as a remotely oparalad 
system with multiple probes in a facility usad for a 
train of cars. Single, controlled, simdl detonations 
appp.ar to be a prafarratl moila of operation. Tha 
procailura should only require a few minutes par 
car and should not affect material properties or 
reduce m(M.Hture content. No large-scale energy 
release is involved, hence little or no damage to the 
hopper cur should occur. 

The LRC TU Office is planning to support an 
applications pro)ecl to build a prototype explosive 
gas lance and then to conduct tests on loads of 
frozen coal ami iron tn'e. 



HIGHWAY SKID-RESISTANCE 
MEASUREMENT 


I 


Ski(l(iin>{ is major contrilnitor to traffic acci- 
dent s, and the importani:e of skid-resistance mea- 
surement is ackno\vled^ed by the highway depart- 
loents. In fact, the Mixhway Safety Act of HHiH 
states that "every state in cooperation with county 
and local governments shall have a program for 
resurfacinv . . . sections of streets and highways 
with hiw skid ri‘sistance." T«> prove ade(|uate skid 
resistance, accurate measuremi>nts of existing road 
surface conditions must first he madi*. 

Skid T(>sters are commercially available from 
a number of sources. However, the hi^h c:ost of 
these units ran>{in^ from $(>(), OOP to $20n.t)()(), pre- 
vents counties, cities, and even some states from 
purchasinK the test eipiipment. Therefore, in many 
parts of the country, only major highways are 
tested for skid resistance. 

A pulsed brakinx techniipie employ inx a diax* 


onally braked vehicle (DilV') to measure the skid 
resistance of runways has been developed at 
NASA's I.anxii'y Research Center by Messrs. 
Walter Horne and Kverett Hrowne. The vehicle 
used was a Ford Fairlane Tudor sedan w ith a fifth 
wheel for monitorinx distance and velocity plus 
instrumentation for measurinx the anxidar veloc- 
ity of the fifth wheel. Th<* vehi«;le was etpiipped 
with ASTM-K.'iOl t«*st tires and valves for all 
wheels, plus two sets of test instrumentation — 
one usinx an im*\pensive Tapley meter and the 
other usinx lonxiltidinal accelerometers plus a 2- 
channel chart recorder. Total cost for the system is 
less than ,S2,0()P if only the Tapley meter is used 
iind about $(>.000 with accelerometers, not includ- 
inx Ibe \«’hicle. The NASA tetdiniipu* providi's 
accurate skid testinx (as proven durinx compari- 
son testinx at the Texas Transportation Institute), 
takinx both lonxitudinal and lateral measurements. 
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than 100 skid testers are currently in optuatiun ami 
that an immediate market would exist for about 
2rA) additional testers if a tester (vehicle plus 
instrumentation) were available for about $ 15.000. 
For a widespread proxram to test ail roadways, 
another It, 000 skid testers mi>{ht be needed. 

Documentation and a detailed description of 
the system have been sent to many interested par- 
ties and continues to be available from NASA «»r 
the SRI Team. 


The diaKonaliy braked vehicle and pulsed 
l;rakin>{ techni(|ue were included in a Federally 
Coordinated Pro^ram to test hiKbway intersec- 
tions in Dayton, Ohio for skid resistance. I'welve 
intersections with hixh accident rates were tested, 
including several on down grades. Measurements 
were comparable to those made with an expensive 
skid trailer. 

A survey of all 50 state hi^hway departments, 
performed by the SRI Team indicated that fewer 









SOIL MOISTURE ANALYSIS FOR 
HIGHWAY CONSTRUCTION 


Piihlic works ami hiKiu\ay (ioparlim'nts havr 
an imim‘(liati‘ m*i‘(l for a rapid, acoiiratf, ami in?\- 
pn.sivi* Icchniqui* for im>asiirinx soil moisltirt> 
lirfo i> road construclion l)l‘^i^s. i*ropi>r c;ompao 
lion of I hi' road l)t'd to pri'Vt'nt road collapsi' 
dt'prnds on acciiralt* moislurt' im>asiiri>tm>nls. Most 
latrrt'nl ti>i;hni(pii's ha\i> Iwii dravvitacks: thfy arr 
slow (ovcrnixhl drying in an ovt>n|, and Ihi'y can 
handli' only vt>ry small sampit's. Ht>i:ausi> most soil 
sampli's art' ht'tt>ro>{i'nriiiis ami may i;omain lar>{i', 
aKxIomf'rati’d particli's, small sampit' mcasuri'- 
nuMits at'i' inacciirati'. 

A simplf and rapid an<dytical ti'chnitpii' for 
thi* analysis of imiisliiri’ content of soils has hei'n 
dt'vi'lopt'd as part of the VikinK and posl-Vikin>{ 
stiidii's at NASA’s Ames Resi'arch Center. This 
techniijiie entails extrai:tion of moisture from a sod 
sair.ple hy means of a solvent that is sidisecpiently 
analyzed with an inexpi'nsive «as chromatograph 
(('.Cj. 

A ru^xed piirtahle CC unit has been huill for 
speedy (less than I hour) on-site analysis of soil. 
Initial tests have been conducti'd hy Santa Clara 
('ounly (California) (luhlii; w(»rks persiuinel. Mois- 
ture measui'i'inents made hy the NASA (I(’ lech- 
niipie were com|)ared with those ohtaim'd hy oven 
drying. Althou>{h the sample soil, a clay w ith rocks 
u() to 1 in.' in size, was considi'red hy the U.S. 
Federal Highway Administration to he difficult to 
analyze, no problems were encountered usinn the 
N/\SA techni(|ue. In fact. readin>{s with 9‘t.H'Si 
repeatability were obtained. In a field demonstra- 
tion comiucted hy the Texas Deiiartment of High- 
ways. the techniipie was found to he valid. 


Discussions have been initiated concerning 
the manufacture of a CC kit (includinK an Il-lh. 
recorder, an inte^rator, pint-size bottles, needles, a 
Kas tank and the ru>{>{ed, portable (iC| for use hy 
hi^hw ay personnel. For the entire 4()-lh. kit. a prici* 
of a little <»\'er $1,000 has been estin.ated. A survey 
of other manufiicturers of sim|)le pas chromato- 
graphs revealed a price ran>(e of $I,t)00 to $4,000 
for the CC alone, none of w hich is built for field use. 
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ELEMENTAL ANALYSIS OF HIGHWAY 
RUNOFF STREAM CONTAMINANTS 


Motor oil, exhaust i:urhonH, ami tire markinKs 
are the residue of vehicular traffic on our nation’s 
hiKhways. With each rainfall, these residues are 
washed to the sides of the roadway where they 
seep into the ^roundw ater. Highway enxineers and 
environmentalists are concerned about theeffect of 
this Kroundwater ci>ntamination on public health; 
the installation of drains at excessively contami* 
nated locations is planned. However, these sites 
must be identified before preventive i leasures cun 
be taken. A rapid method of anuly/inx the level of 
Kroundwater contaminants is neeiled. The same 
need exists for rapid analysis of rivers and streams 
to ipiantify contamination. 

A technique for the rapid analysis of Kround 


surface elements has been developed and used by 
NASA for in situ lunar soil analyses without the 
takinK of samples. The heart of the technique is a 
computer proKram for ondine data analysis of 
spectral measurements. More than IlOelements can 
be identified and quantified by the proKram. The 
proKram can be used to analyze X*ray. K«mma-ray. 
and other spectral measurements. Work is under 
way at (loddard Space Flight Onter on the neutron 
Kamma*ray probe necessary f«ir the remote Hat her* 
inx of raw data needed by the proKram. 

As this technoloKy approaches commerciali* 
z.ation stuKe, the SKI Team will intensify its 
transfer efforts to assure the utilization of this 
imporiniit technoloKy alonx the nation's highways. 


PERIODIC TABLE 


VOA /tw 




















H 

0 \ 











lll^ 

IV \ 

\ ^ 


M 

Mr 

\ 

4 











4 


T 

H 

4 

IP 

l> 

H« 











H 

( 

N 

II 

1 

Nr 

II 

i: 











II 

14 

II 

16 

IT 

IH 


Ml 

Ills 

IV H 

S R 

V IH 

V IIH 


VIII 


IH 

IIH 

M 

Ni 

r 

N 

1 1 

St 

HI 

:o 

:i 

% % 

:» 

;i 


:•> 

;t 

:i 

M 

«0 

II 

u 

II 

14 

14 

1* 1 

Ik 

( 1 

V 

Ti 

\ 

( t 

Mfi 

t* 

( O 

s. 

t H 

/« 

Cl4 

4fC 


s« 

Ri 


P 


J* 

40 

41 

*: 

41 

44 

4* 

4#t 

4T 

4H 

4V 

Ml 

M 

V 

41 

44 



> 

/r 

M» 

■ Mi. 

K 

Ku 

Kh 

HJ 

Ag 

t.d 

Ifl 

Sn 

Vh 

Ir 

1 





t; 

TI 

*4 


-ft 

TT 


•• 

HU 

HI 

•I 

HI 

R4 

H4 

H6 

( 1 

lU 

M t 


l4 


Mf 

o« 

Ir 

n 


Ml 

n 

rh 

R. 

Ri. 


Rr 

IT 

hN 

nn 
















Ti 



















•1 ^NIMANI|)^ 

4N 


Ml 

61 


61 

64 


66 

hi 

66 

64 

’ll 

TI 

M HU S 

( t 

Pr 

IMJ 

Pm 

Sm 

lu 

ipti 

Ih 

o» 

Hi. 

(• 

Tm 

Sh 

Ly 

• Nl IISIOI 

•H) 

41 

t2 

41 

44 

44 

46 

rT 

4H 

44 

IIH) 

101 

IU2 

11)1 

SI HU S 

III 

p« 

1 

Np 

Pu 

Am 

Cm 

Rk 

1 1 


1 m 

Md 

Su 

1 r 


26 



CRASH BARRIERS 


HiKhway accidfnlK involving vehicle colli* 
HionN with fixed ohjeciH (treeH, utility polea, 
emhankmentd, hridKf n, etc.j account for thoiiaands 
of injurieH and fatalitieH each year. A new and 
effective era *h harrier ix needed to provide protec* 
tinn aKainxI impact damage, and prevent rehound 
hy HlowinK ihe vehicle incrementally and then 
hrinwinK it to a controlled stop. 

After conaiderahle rcaearch, Ihe SRI Team 
selected a modular cleHiHn developed hy NASA 
(Tech Brief 72*10712) for Ihe Lunar Lander Impact 
Alternator (Latider Fool). I'hiN NASA haaic deai){n 
waa Iranalaled into a uni(|ue low-coal configura- 
tion employing aluminum cylinders (hevera^c 
cans) contained in a tear-reaialant haK and a col* 
lapaihle plywood and steel container. A one-module 
(:f X O' X O’) prototype of this harrier, called 
MODCAN, was fabricated at NASA’s |el Propul- 
sion !.ah ||PI.|. Fixorous lestinx at |PI. confirmed 
Ihe harrier’s success in reducing the impact and 
danger imparted to vehicle occupants durinx a 
crash with a stationary object. 

Drivers of test vehicles were subjected l«» 
potentially dangerous decelerations at ttO mph, and 
in no case did Ihe driver experience more than 


slixhl, momentary discomfort. Extrapolation of 
test data suKKesIs that Ihe one-module )PI. harrier, 
when installed in front of a roadside tree or Inle* 
phone pole, would also have met safely requite}* 
menis at 40 mph. (A larger model would he needed 
for speeds in excess of 40 mph.} 

The implemenlalionof this lechnoloKy transfer 
hy Ihe SKI Team has hef(un; plans for construction 
of Ihe one iodule harrier have he«'n released to t 
small business concern in Arlinymn. VA. which 
will build seVk*ral modules for insiallalion and lest 
on a Pennsylvania highway. With the success of 
these tests, extensive use of Ihe MOIKIAN harrier, 
on a national level, is anticipated. 
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CORROSION PROTECTION COATING 


Because of exposure to harsh sail spray, coast- 
al bridges require greater corrosion protection than 
do inland bridges, Currently available coatings 
provide less than 10 years of protection on bridges 
near coastlines, compared to 20 years of proleclion 
on inland bridges. 

Most current anti-corrosion coalings for bridge 
structures consist of zinc or aluminum dust that is 
mixed vt'ith and suspended in an organic or inor- 
ganic binder during application. The rather com- 
plex preparation of the final coating formulation is 
done on site. This expensive process prompted the 
transportation industry to seek a more easily 
applicable coaling at a reasonable price. 

A search of relevant NASA literature by the 
SRI Technology Applications Team revealed that a 
zinc-rich coaling using a potassium silicate binder 
would provide excellent corrosion protection. This 
coating was developed at Goddard Space 
Center (GSFC), and was reported in NASA TSP 
70-10060 and U.S. Patent 3,620,784. Unlike most 
commercially available zinc-rich inorganic coat- 
ings, the GSFC coating is e, specially easy to mix 


and requires no straining before application, thus 
providing considerable savings in labor costs. The 
coating has a water base for additional savings in 
materials costs us well us fire resistance and free- 
dom from toxic fumes. 

Testing of the GSFC coaling by NASA’s Mate- 
rials Testing Branch at Kennedy Space Center has 
been completed, The summary report concludes 
that the coating is "equivalent to the best commer- 
cially available inorganic zinc-rich coalings in 
atmospheric corrosion resistance, abrasion resist- 
ance, and heal resistance." 

Several well-established manufacturers are 
considering the possibility of adapting the basic 
formulation of the GSFC coating to specific mar- 
kets, with the objective of patenting their individ- 
ual adaptations. Recent formulations appear to 
yield additional advantages — such as the ability 
to adhere to hot welds. 

Because the GSFC coating has already reached 
the commercial stage as a superior alternative to 
contemporary corrosion coatings, the technology 
transfer effort by SRI is complete. 
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Skylab 


ROLLER BEARING 
FAULT DETECTION 


According in DOT slnlisti(;s, faihui vvluu’.l 
iMan'in^s arn a major oauso of Irani dorailmonls in 
ihallnitudStalas today. ApproxiniidalydOOcU’rail- 
nionl.s par yaar fira causad by ovarhaalad baarjnps 
alona. 

Mo.sl of tha two million rail oars ourrantly in 
usa ara acjuippaci with rollar baarinps. Thasa rollar 
baarin^’s hava. baan ra.placinp tha lass afficianl 
journal baarinps ovar I ha past savaral yaars. Tha 
oldar niathod of monilorinj* thasa journal baarinps 
by traoksida bolomatars is baoominp obsolala, Navv 
malhods for tha dataotion of baarinj* failura ara. 
orucial in pravantiiiH impandinp actndants. 

Working with tha railroad industry, tha SRI 
Tadmolopy Applioations Taam saarohad NASA's 
laohnical data basa and unoovarad a iiromisinH 
soluturn to tha baariiif.; problam, Two articlas warn 
particularly [lart inant: NASA TachlJriaf 72-10()HU, 


"Naw Dataotion Method for Rolling Hlamant and 
liaarinp Dafacl.s," and NASA Tach Briaf 72-10‘UM, 
"A System for Marly Wai-.iin« of Haarinp Mailura." A 
hiph-fretiuenoy vibration technique originally de- 
signed for monitoring control moment pyros in the 
Skylab Propram could be applied to the railroad 
industry. 

After a favorable evalualion of the NASA 
monitorinp sy.slem was racaivad from tha As.socia- 
tion of American Railroads Research and Test 
Depart ment, a propram was developed to adapt the 
technique specifically for railroad usa. This enpi- 
nearinp effort was funded by NASA's Technolopy 
Utilization Office, and by Shaker Research Oorj)., 
Ballston Lake, New York. At present, a refininp of 
the oripinal prototype desipn has resulted in a 
commercially accaplabla jiac;kapa for manufactui’e 
and markelinp as a laboratory or shop instrument, 
with a tracksitle packapa beinp underdevelopment. 


New Detection Method for Rolling Element and Bearing Defeats 


Input From 
Vibration 
Pickup 



I 
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DOCKING SYSTEM FOR 
HIGH-SPEED reRRIES 


riu' hi^h-sp«M*(l f«*rrirs «»n Siin 

KrancisiU) Hay oftrn rnc:onnl«M' (lo(;kin>{ (iiiliriilties 
(iiu> to 2()-2ri knol smithciiy winds and strung (‘Hit 
lid«’ i;urr»‘nls. As a fi>rry slows for a do(;kin^ 
approach, rolling wave motions can uncover the 
vessel's jacu//.i pump inlet located well outboard 
on the bottom of the hull. Pumps then lose suction, 
and the ferry’s ^as turbines «:ease operating, (am- 
tro! of the vessel is lost, and the boat is likely to 
v«*er away from the dock. 

The SRI Team um;overed a NASA patent 
entitled "Docking Structure for Spacecraft" which 
contained relevant te»;hnolo>>y for transfer to a 
more advance»l ferry docking system. The NASA 
striu;ture, which was useil for joining two space- 
craft, meets three essential reipi ire merits of a 
water-based docking system: hi>»h energy absorp- 
tion. automatic latch-up and separation, and lar^c 


load-carry itiK ability. 

The application of this particular NASA space- 
craft docking technology appears to bi* feasible. 
Mr. Rolu’rt H«*lew, developer of the docking struc- 
ture at NASA’s Marshall Space Kli^ht ('enter, and 
Mr. Ke\ Mc('ardell of the Golden (>ate Hrid^e, 
Mi^hway, and I’ransportation District have re- 
viewed its practical advantages for ferr;^ docking 
in San Francisco. .Attention is now b»*in>» Kivni to 
cost considerations. 

In the meantime, NASA en>»in«*ers havr* in.uh’ 
many additional su^>{estions for improving terres- 
tial docking systems. These suKKestions have ^oni‘ 
directly to theCiolden ('aite Superintending* Marine 
Engineer. The application of one of these technolo- 
gies, or a combination of them, may be considered 
if costs for the spacecraft docking* system prove to 
be too hi>*h. 
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nRE RESISTANT MATERIAL 


Tn inoronsu pnsst>nj>or safoly In tm.so of firo in n 
rapid Iransil car, especially in the confines of a 
(unnel, the fire resistance of materials need im- 
provement. Improved materials are constantly 
beiiiH sout>ht for seal cushions, seat covers, ther- 
mal and acoustic insulation, wall and ceilinf’ pan- 
els, floor covering and carpeting, and wire insula- 
tion. This prohlem has remainecl an important one 
in the transit industry for years and is especially 
critical to the San Francisco Bay Area Rapid Tran- 
sit District (BART) hecause of a major fire. On 
January t7, 1979 during the evening rush hours, a 
BART rapiil transit train caught fire and hurned in 
the Iranshay tube between San Francisco and Oak- 
land. The fiVe resulted in the death of one fireman, 
injuries to 40 firemen and passengers, five de- 
stroyed BART cars, and damage in the Iranshay 
lube. The fire had a big impact on the Bay Area and 
was front page news for weeks. 

NASA’s fire resistant materials research stems 
from the AfwIJn spacecraft fire in 1907. Under the 
FIREMKN (Fire RFsistant Materials I^gineering) 
program, NASA is emphasi'/.ing the exploration of 
advanced materials and materials systems con- 
cepts, many of which challenge state-of-the-art 
capabilities in compounding, processing, and 
manufacturing, 

The majority of the materials development 
work of FIREMEN has been conducted at the John- 


son Space Center (JSC). Recognl/ing that the 
FIREMEN materials would he easily Iransferrahle 
to the transit industry when they are ready for use, 
the SRI Team has been following the FIREMEN 
program during the past few years, 

A new fire resistant polyimide foam, devel- 
oped by Solar Turbines International under con- 
tract to JSC, was recogni'/.ed as a candidate for 
technology transfer to the transit industry, vvitli 
BART having the most immediate need. Conse- 
ciuently, the SRI 'ream arranged for two BAR'P 
engineers and a California Public Utilities Com- 
mission engineer to witness a futl scale lest of seat 


cushions made of the polyimide at JSC in June 1979. 

Impressed with the JSC test results, BART 
tested samples of the. polyimitle themselves. Based 
on their tests, the BAR'l’ engineers were ready to 
recommend that the polyimide he used to replace 
the polyurethane seat cushions in the BAR'l” cars in 
early 19tU). However, Solar 'I’urhines International 
will not have large production quantities available 
for sale until late 1990. BAR'l’ did, however, pur- 
chase some of the rigid polyimide foam for use as 


the core of the BART car end doors. 

Since this polyimide, culled Solimide, is inex- 
pensive compared to other fire resistant foams and 
can be made in resilient and rigid form, it could he 
usetl to increase the fire safely of rapid transit seal 
cushions as well as wall, floor, and ceiling panels. 
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SMOKELESS WIRE 
INSULATION 


'I'ht* hazard of fire haH lonx been a concern to 
the transportation industry. Fire is particularly 
critical in confined areas such as subway tunnels 
and compartments on ships. Recent studies have 
shown that incapacitation or death is more proba* 
ble from smoke than from fire. In the crowded, 
confined envinmment of a rapid transit vehicle, a 
subway, or a ship compartment, it is essential that 
smoke emission from all sources be minimized. Tbe 
hazard of smoke inhalation is compounded by the 
hazard of dense smoke (d)scurin^ egress paths as 
well as hamperinx fire fixhters. 

I.ai'xe amounts of insulated w ire and cable are 
situated in subway tunnels, on rapid transit cars 
for power, sixnals, and communications. Because 
ol several subway fires in the early lt)7()s durinx 
which burninx wire and cable insidation propa- 
Xated tbe fires and created much smoke, the rapid 
transit industry placed hixh priority on a .search for 
an affordable smokeless wire and cable insuhition 
material. 

As a result of the SKI Team's dissemination of 
a problem statement in April 1974, |IM, siixx*‘Kl<>d 
that multimodal or bimodal distribution could be 
used to load a binder w ith inoi'xanic fillers, thereby 
reducinx the portion of the material (i.e., the 
binder) that will burn and smoke extensively. 

Bimodal distribution technoloxy has been suc- 
cessfully useil by NASA to fill solid rocket propel- 
lant binders with up t(» H»i% by weixht of (»xid!:'.er. 
To understand the bimodal packinx theory, one 
mixht visualize a dense packinx of spheres all of 
the same diameter. Then between these spheres, a 
packinx of other spheres of a diameter that just fit 
into the voids between the first set «)f spheres. The 
extension of this bimodal distribution would be a 
multimodal distribution. 


Ml ‘ 


jIM. I)i‘xan an appliralinnH (•nKinrrrinK proj«>i;l 
in lt)75. |IM. has now found that (i7% hy wimkHi total 
fillfr fi2‘\i \1v{(()M)., and 5% additives) with 
KPI)\1 ridilier is the optunal formulation to mini- 
mi/.e smoke and flammahility and provide mechan- 
ical stren>{th. This research was complet<‘d hy the 
end of KY I?I7H. 

rhe SKI Team has arranged for the ':ommer- 
ciali/ation of this technolo^y. An interested manu- 
facturer. Boston Insulated \Viri> ami Oahle Com- 
pany, has obtained sufficient information on the 
MxIOMI^ KIM)M material and on multimodal dis- 
trihution tec.hnolo^ty to allow thi* company to 
determine the technical feasibility of applying the 
technology for commi>rciali/ation. 

'I*he i:ompany has recently reported that the 
bimodal distribution technolo^^y has bei>n success- 
fully adapted and a{)plied to improve some of their 
commercially available products. A significant 
improvement in the physical pro|ierties of the 
company's low-smoke and flame-retardant wire 
insulation, used in th«> rapid transit industry, has 
resulted. This product is expected to be commer- 
cially available to rapid transit properties in H)H(). 
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AN IMPROVED TRUCK 
MUFFLER DESIGN 


In tl)r Noise Control Ait ot 1*171!. Con>{ress 
est.ililislieil ,1 n.ilion.il polii \ to proinote <i noise 
iiee enMi onineiit ioi .ill .Aniei n .ins. .-sim e th.it 
tune, the KI'A h.is detei mined th.it inedoiin- .mil 
he. IS \ -trill ks .ire the in.i|or i onti iliiitiii),* noise 
soiin e on I Ml I lot .d, st.ite, .ind n.it lon.il his{hv\ .i\ s 
In .in .itteinpt to eliinin.ite this soiiri e ot noise pol- 
lution. the KI'.A est.ilillshed I'eder.il Ke^iil.ition 

I'.irt IttlT) This st.ind.ird. whiih .o.pe.irs in T/ie 
(•‘ederii/ Meyister (\’ol 1 I. No 71!. Title lit), spei dies 
inaviniiiin .dimx.dile A-v\ei^hted sound pressure 
levels, ine.isiired .it .i dist.inie ol TiO leet Iroin the 
lons^it iidin.il I enter line p.ith id .i sehii le ti.iselm)* 
.It :tr) mph 

The st.ind.ird .mil ellei tise d.ites .iie: 
M.iMinuin Sound Lev el 

plH.Aj HI lei t IS e I ).ite 

Hit l.mii.irs I. l't7H 

Mt) j.inii.irs I. IMHJ 

(resersed)* |ime I, niH.'» 

( )ne ss.is !<• meet the ness i e^iil.it ions is to 
mipiose the evh.iiis) miiltlers ol inedmm- .md 
he,.s s diit s t rill ks A ness 1 1 iii k noise siip|M ession 


lies II e should he more eltii lent th.m the present 
ones, more ronip.ii t. .md h.ise .i pine siinil.ir to 
th.it ol iniillleis noss on the m.irket 

I l.is ms{ rei o^ni/ed noise suppression .is .i si^- 
mill .ml n.ilion.d prohlem. the SKI Te.mi li.iil pre- 
sioiisls idenlilied the noise suppressor desi rihed 
m NAS.A Tei h Uriel 74- HUtil This muse siippres 
sol, deseloped .it I.KC. i onsists ol iniilliple h.mds 
ol .11 oust II .ills .ilisoi hent Imei s on the inside ss .dl 
ol .1 dm t lh.it torins .m .n ouslii tr.ip th.il uses the 
ret lei I is e element s on I he ends to direi t sound into 
the sound-dissip.it mv! element m the i enter It is 
I .ip.dile ol doiihlmv! the muse .it tenu.il ion ol .i i o' 
s eiition.d mu I Her .It pe.ik noise les el. The p.itenteil 
noise sup|)iessor ss.is desivined lor use m turhol.ir, 
.uri.r.dt eiisiine inlet .md exh.mst din ts. 

M.mul.n turmu interest ss .is des elo|)ed through 
I out. II t ssith the Don.ildson Comp. ms. <i he.iss- 
duts trill k mulller m.mul.n turer. .Alter res less .md 
disi ussion ss ith l)i Willi.im Zorumski. the N.AS.A 
minis. itor. the Don.ildson Comp. ms h.is deinled 
t h.it It ss oiild like to des elo|) .mil es .illl.it e .i trili k 
mulller iisin^ the I.KC segmented liner tei hnolos*s 
.As .1 result ol .i s isit to I )on.i Id son's i orpor.it e ol I ne 



.mil KA)D cri'tlrr m Mmni'.ipolis, Minnt'snI.i, the 
SKI Tr.iin I oni.liiilnl lli.it thr Doiiiililsim ( jiinp.mx 
hits the r.ip.iliility .mil ilesiie to ileveliip, test, 
in.miil.ii:tiire, .mil m.irket .i se>^iiienteil liner truck 
imilller h.isetl on the NASA techniihiK>. 

In An>{nst ni77, Don.ililson (Inmpm\ hex.in 
the ev.iln.itiim prii|ect iil the se^inenti I liner lor 
use ns .1 he.iv y*ilnt\ truck exh.iust inniller. A one* 
il.iv meeting vn.is helil .it I.K(! to lie>>in the tinnsler 
ol I.K(^ se^inei.teil liner technolo>{y lor truck imill- 
ler ile\ elopmeiit. The theory liehmil the I.K(' noise 
suppressor ilesi^n w.is ilisciisseil, .is well .is the 
.issoci.iteil I.K(! computer pro^jr.iin to su>{>{est ile* 
si^n specilic.itions lor use in Imililin^ an experi- 
ment. il sey^nienteil liner truck inuMler. .Since Aii)>nst 


Itl77, excellent comimmic.itions h.i\e heen est.ili- 
lisheil het w een Don.ililson .mil I.Ki'.. The SKI ream 
now serxes m.iinly .is .m ohserxer to ensure .1 
smooth tr.msier anil propel recognition for the 
NASA technology. 

I'he Don.ililson ( lump. my plans to ilex elop an 
oxer-hix*hxxay truck mnlller .mil or .1 ^as inrhine 
miilller. 'I'o h.ixe .1 truck miilMer .hat meets the 
ltiH2 KI*A staml.ini, a xxorkahle ilesivtn shonlil he 
ilelixereil Irom KsD .o proiliict en^^ineerin^ in IttMtI. 


* rtiiH Kl,inil.itil Ik .'X|i.'< l.'.l III !if III III.' 711 III 77 ailA riiiiK*' 
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CORROSION PROTECTION FOR 
MODERN VESSELS 


rill* n.S. Niilioiuil Elt’clriciil Cmli* rc(|iiir(>s 
thill ilnckfd vi'SKt'Is hr proprriy xi'oondrti whrii* 
rvrr (;nminm:iiil rirrtriciil pnwrr is usi’d on hoiird. 
In (wiiilorniii, on unrvprrtrd sidr rfftM;! of >>ronnd> 
in^ thi'fioldiMi ('Milr lirid>{<' Mi>{h\viiy ond I'riir.s* 
porliilion DiKlrirl' iilunii'i n hulh'd fm-irs hits 
lirrn o Ki^nifi(;onl inniMsr in rorrosion h«>lo\v the 
vvatiM'linc. /\lthon>{h dcvict's to stop this typi* ot 
corrosion iirr coinnirrically iivoiliilih', none has 
hi’cn approved hy the II.S. Coast Ciiard. The Dis- 
trict Inrni'd to NASA for ii solution. 

In rt>sponsi> to a riMpicsl liy the SKI Train to 
invrsti>{atr Ihr prohlrin, N!r. Krnrst Itifrr of 
NASA’s Ainrs Krsrarch (auilrr mailr an in-drplh 
lour of thr frrry facililirs. I Ir concludrd that if Ihr 
inairrials usi>d in thrdocksidr >{round rods wrrr to 
hr chan^rd troin iron and copper to a inairrial that 
closely inalchrs thr elect roly tie-solution potential 
of the ferries, then the galvanic current in the 
ground system would he reduced to ne^li>{ihle 
\ allies. This in turn would solve the eleciroivtic 


corrosion prohlein. 

Croundinx systems usin^ nonferrous alloys 
are not in common use hut are permitted hy the 
National Electrical Code. It was suK>*ested that 
aluminum alloy AAA-.'iOHti he considered for the 
dockside >{round rods. 'I'his alloy contains 4.U'N> 
inaKni'sium and 0.5% manganese and is well suited 
for marine use. A properly designed rod of this 
material will outlast iron in a marineenvironment. 
Approved connectors for attachiiiK the copper 
ground lead to aluminum are commercially avail- 
able. 

The ( tolden ( Lite llrid>{e. I liKlivvay, and Trans- 
portation District was pleased with the prompt 
and «:«»st-effecti\ I* solution |uovided hy NASA, 
particularly since it had e\hausti>d normal indus- 
trial sources of inlormiition ledore contactin>> the 
SKI Teiun. In tlu> N ASA-desi>^ned noiderrous 
^roundinx system was installed at all three herths 
of the Larkspur l'i>rry Terminal. 
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AER()I)YN\M!C 
DRAG RKDDGTION 


i'irKiMit>i*iiy tnirk sli<ipi‘s an* (it'Ki^nrtl with 
cnnHiiirraliiin nl air dr.i^ taclnrs; h(i\M*vi>r. thi'Kr 
taclors an* lialam rd will) tlu* cimrrpl nt 
'I'l)t> liTin ridalcs In Ihr p.it:kiii>( iacinr tin •) 

Inir.k, anti siniply slali'd. iinplii>s lhal sipiaii* Imixi'h 
tin ntil lil rtmntlt>tl t:tirni*rs. 

In Ihf li^hl td t'.nm>nl fnt'i'Ky ctinsitltMalitinK, 
Iht* tailit* t'tini;t‘pl is Ii>sk vtilitl lhan in ntiwitins 
yt’ai'K. Ti iit;k tnamiliit:lin t'rs ai i* inlt>rt<slt‘tl in nrw . 
slrtMinlint’tl tlnsi^n t:tint t‘pls Iti ininiini/t> iiit tlr.i^ 
•intI ini:ri*asf t■ntM'^y t>ilit:ifnt:y. 

riif SKI Tfain lt><n iirtl lhal t*n>;inffis al l)i ytlnn 
rii^lil Krsfart'h ( a*nlrr (l)l-'K(d h<iN •' ht’t'n w tirkin>^, 
iintltT n.S. DOT lnntlin>>. tin iinpitiM'tl .ifriiily* 
namit; sliapt's Inr srinilraili'r Inirks Ki'siiIIn In tlalt* 
havr sliiiwn lhal will) niilv niininial niniidiralinn 


nl fxislinKli iit;k th>Ki>{n, IrirlinnaltiraKninlif mini t‘il 
inni i> I hail riOAi, I hiM i’liy i:iil I ln^ I iii*l i:nsl s liy :I0'S> al 
nnrinal iipi'i alinK Kpi'i'ils. 

A visil In DI-'KO fnalili'tl lln> ri'ani In ^<illii>r 
intirt' inini'inalinn .mil In wilni'ss .irliial .lir ilr.i^ 
Ii’sIk. rrnni llinsr li'sls, il w.is i‘viili'iil lli.il .is tiii'l 
i:iinsi>iA .ilinn lll•l:nn)l’s .1 in.iinr iHsiii', lln* li'iii.ks in 
lilt' MIHlls miisl li.ivi* a mnrr sIriMinlini'il ninli^iir.i- 
linn. Tn .ii:l)ii‘\i‘ Ihis viii.il, Ihr Ti'ani Kii^>*i'slril in 
lilt' Iriirkin^ iiuliisiry lhal .ii‘rnil;i n.iinirs innilflin^ 
.IS writ .IS .1 laiinph'ii' Inirk ilyn.miir.s nitiilrl wniihl 
.liil in i’i‘.irliiiiK Ihis nlip'idivt* in Ihr shni lrsl pnssi- 
Mr liinr. Thr Tr.ini prrsrniril Ihr l)KK(' IrsI rrsiills 
anti ihr rn^inrrnn^ ilrsi^n inniw .ilinns ilr\ rlnpril 
.il Dl'KO In Ir.iilri's nt thr Imi'kiny* iiithistry M.iiu 
nl Inil.iy’s .irrniU nainir iirsi>*ns ni.iy hr Ir.irril In 
this Tr.ini rlinri 
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GLOSSARY 


NASA Onlers 


Miscellaneous 

Abbreviations 

NASA Mg 

NASA Headipiarters 

AP 

Applications Project 

NASA Hg TU 

NASA lieadipiarters 

HART 

Hay Area Ka(iid Transit Districi 


IVchnoloKy 1 Itili/.alion 


(Oakland, ('alifornia) 

ARC 

Ames Research Onter 

F.PA 

Knvironinental Protection 

DFRC 

Dryden Fli^ht Research ('enter 


Axency 

(;SFC 

('•odiiard Space Flight Onter 

GC 

( wis ('hromatoKraph 

ISC 

lohnson Spa«:e ('enter 

MARTA 

Metro|)olitan Atlanta Rapid 

KSC 

Kennedy S()ace Onter 


Transit Authority 

IRC 

l.an^ley Research ('enter 

NDK 

Nondestructive Kvaluation 

LeKC 

Lewis Research (a*nter 

RTOP 

Research and re»:hn«)loxy 

MSFC 

Marshall Space Fli^ht Onter 


Objectives and Plans 

NSTL 

National Space rei:hnoloxy 

lAr 

Technology Applications Team 


Laboratories 

TU 

I'echnoloxy Utili/ation 

MM. 

|et Propulsion Laboratory 

TUO 

Technolo^y Utilization Officer 


DfpHrlmrnl of TransporlHtion (DOT) ('odt*M 

KRA KfiliM'iil Kailroaii 

A(iminislration 
KMWA Knioral Highway 

Aiiminislralion 

UMTA Urban Mass Transportation 

Aiiininistration 


NOTICE 

T ho Unitod Sl.itt's ('lOvivnonnit iloos not omlofsr ptodiu ts or nuinutactuft'is T radt' ot manuttU' 
turof s fi.imt's appoaf tioffifi sololv Poraust' thoy aro considort'd osst'otiiil to oli|ort ot ttiis 

(OpOf! 


For fiirthor information on this report, 
please write or call: 

SKI International 

attn; SKI Technolo^y Applications Team 
3Tt Kiivenswood Avenue 
Menlo Park, ('alifornia 94025 ll.S.A. 
Telephone: (4t5) 32H-K200. K.xtension 2Hli4 
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SRI lnl»( national la a proMam tolving organiialion that providat raaaarch 
and conauHing undar contract for ciiaritt in bufinaat and govarnmant 
throughout tha world 

Sirrca SRI wai foundad in 1946 tha problamt confronting our cliantt 
hava to incraaaad in complaiity that taw of tham can ba aolvad within tha 
confinat of a aingla ditciplina Our organization la uniqualy qualifiad to 
daal with auch intricata problama Profaaaionalt rapraaanting mora than 
too diaciplinaa compnaa naarly two thirda of our 3000 atatf mambara 

Wa parform raaaarch and conaultmg tor tha public aacfor in auch areas 
as urban managamant haa'th education and welfare environmental 
management and national security In addition to our broad-ranging activ- 
ities lor the U S and other national governments we serve city stale and 
county governments in the U S and also their international equivalents 
One ot tha most attractive aspects of life at SRI lor our staff is tha opportun- 
ity to share in important work in the public interest 

f-or private commprcisl and industrial chpnlt SRI engages in manage- 
meni consulting and corporate strategy dalarmirtation technoacortomic mar 
ket and operational studies new product process and equipment devel- 


opment and tha provision of information services A significant percen- 
tage of SRI s professional staff hava had a number of years of ma|or 
responsibility in busirtess prior to joining SRI 
SRI IS an independent nonprofit corj>oration using revenues in eicess 
ot operating costs to purchase advanced scientific equipment and to enhance 
our ability to continue to provide the highest quality resee'ch and consult- 
ing tor our clients SRI International has no sharehoidi and no endow- 
ment 

Our annual revenues for research and consulting contracts eaceed $150 
million 

SRI s headquarters are on a 70-acre site in Menlo Park California a 
suburban community about 20 miles south of Ihe San Francisco interna- 
tional Airport and a few miles from the campus of Stanford University 
Other offices and laboratories are located in major centers in North Amer- 
ica Europe East Asia and the Middle East 
We welcome inquiries as to how we may work with you on your major 
concerns 



HEADQUARTERS OFFICES AND LABORATORIES 


SRI Internslional 
Main Offices and Laboratories 
333 Ravenswood Ave 
Menlo Park CA 94075 
Telephone |415) 376-6200 
Cable SRIINTLMPK 
TWX 910-373-1746 
Facsimile |4 15) 376 5517 
Tele> 334463 


SRI-Washington 
1611 N Kent St 
Arlington VA 77709 
Telephone (703) 574 7053 
Cable SRI iNTL WDC 
Facsimile (703) 574 3479 


SRI New Vork 

360 Leiington Ave 71st Floor 
New Vork NV 10017 
Telephone (717) 599 5650 

SRI -Chicago 
7675 Bullertieid Rd 
Oak Brook IL 60571 
Telephone (317) 887-7730 

SRI-Canada East 

171 Richmond St West Suite 804 
Toronto Ontario Canada 

M5H 7K1 

Telephone |416) 368 8916 


SRI-Canada West 
1675 Park Road S E 
Calgary Alberta Canada 

T7Q 3V6 

Telephone 

(403) 763 3757 Calgary 
(403) 473-3347 Edmonton 

SRI-Alaska 

Mendenhall Building 
376 4lh St No 1 104 
Juneau AK 99801 
Telephone (907) 586 7656 


SRI Hawaii 

City Bank Building Suite 805 
810 Richards St 
PO Bo. 1737 
Honolulu HI 96807 
Telephone (6061 533-3376 


SRI-Europe Middle East A Africa 
Regional Headquarters 
Nl A Tower 
17 16 Addiscombe Rd 
Croydon CRO OXT England 
T elephone (01) 681-1751 
(01) 686 5555 
Cable SRI INTL EUR 
Tele. SRI EUR CROVDON 
946175 

SRI-France 

10 Rue Bellini 

75787 - Pans Cede. 16 Fiance 
Telephone (01 1 553 97 31 
(01) 553 78 66 
(01) 777 53 19 
Tele. 611047 


SRI-Germany 

Fontanestresse 14 

5300 Bonn 7 West Germany 
Telephone (077? i ) 35 1 0? 1 
TWX 885761 SRI D 


SRI Italy 

Via Carlo Poma 4 
70179 Milan Italy 
Telephone Office (071 71 55 35 
Office (07) 74 90 536 
Home (07) 7? 3? 46 
Tele. 335 475 TIME 

SRI FRANCESCHINI 

SR I -Scandinavia 

Hun'ifgSrdsgalan 4 
S- 1 14 46 Stockholm Sweden 
Telephone 108)73 35 65 
Cable SRISCANOINAVIA 
STOCKHOLM 
Tele. 19617 SRI S 

SRI-Unlted Kingdom 
5lh Floor 

74 Buckingham Gate 
London SW1E 6LB England 
Telephone (01)878-7645 


SRI-ZUrIch 
Pelikanstrasse 37 
8(X)1 Zurich Switzerland 
Telephone (01)71106 36 
Cable SRiNTLCf. 

Tele. 813 137 SRI CH 

SRI-Saudi Arabia 
PO Bo. 1871 
Riyadh Saudi Arabia 
Telephone 69009 
Cable SRI INTL RIYADH 
Tele. 701376 POLYBAU SJ 


SRI East Asia 
Regional Headquarters 
Edobashi Bidg 9th Floor 
11 1 Nihonbashi 1-Chome 
Chuo-Ku Tokyo 103 Japan 
Telephone (03)771-7108 
Cable SRIEA TOKYO 
Tele. SRI INTL J78447 


SRI'Australla New Zealand 
114 William SI 7 1st Floor 
Melboume Victoria 3000 
Australia 
PO Bo. 7671 
G P O Melbourne 3001 
Australia 

Telephone (03)674 915 
Tele. AA 35193 

SRI-Indonesia 
BPP-Teknologi- 
8th Floor Pertamina Tower 
8 J1 M H Thamrin 
Jakarta Indonesia 
Telephone 304-7765 
Tele. 44331 PERTAJKT 

SRI-Taiwan 
Asian Jen-Ai Bidg 
17F-1 79 Jen- Ai Road Sec 4 
Taipei Taiwan 
Telephone (07) 781-9750 
Tele. 77964 SRI TPE 


